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Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, California

Attention Mr. J. Michael Whalen
Contract Negotiator

Gentlemen:

This is the Fifth Quarterly Report and Sixteenth Monthly Progress Report on
Contract No, 950458 (File 2998) entitled ""A Study of the Reliability of Electronic Com-
ponents in a Nuclear-Radiation Environment'., The period covered is from January 1 to
March 31, 1964.

Progress during this report interval has included the completion of a preliminary
analysis of the results from the 100-hour irradiation of the component parts in the 100 C,
high-flux capsule (Test Group IV), Effort has also included the performance of post-
irradiation measurements at room ambient on the parts in this capsule as well as initial
or preirradiation measurements on the component parts in Test Groups I, II, and V.
Measurements on the parts in Test Group IIIl were delayed when a water leak was dis-
covered on the atmospheric side of the vacuum feedthrough plate of the capsule. The
water resulted in corrosion, short circuits, and grounds in the connectors and vacuum
electrical feedthroughs which have since been cleaned, dried, and returned to normal
operating condition.

Project effort has also included analysis of the results from the 1000-hour gamma
irradiation of the CL605 cadmium sulfide cells at an exposure rate of 1.04 £ 0,08 x
108 ergs g'l (C) hrl,

Very truly yours,

517/“7(%/

E. N. Wyler
Project Director
Environmental Effects
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Enc.
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A STUDY OF THE RELIABILITY OF
ELECTRONIC COMPONENTS IN A NUCLEAR-
RADIATION ENVIRONMENT
by

C. L. Hanks, D. J. Hamman, and E. N. Wyler

INTRODUCTION

This is the Fifth Quarterly Report and the Sixteenth Monthly Progress Report on
Contract No. 950458 (File 2998) entitled "A Study of the Reliability of Electronic Compo-
nents in a Nuclear-Radiation Environment"”, This report summarizes the project activity
from January 1 to March 31, 1964, which has included the completion of the dosimetry
analysis for the 100-hour irradiation of the component parts in the 100 C, high-flux cap-
sule and a preliminary analysis of the test results that were obtained. The analysis of
the results from the 1000-hour gamma irradiation of the CL605 cadmium sulfide cells
was also completed,

PROGRESS SUMMARY

Progress during this report interval has included the following project activities:

(1) Completion of a preliminary analysis of the results from the 100-hour
irradiation of the high-flux capsule (Test Group 1V)

(2) Completion of the analysis of the test results obtained from the 1000-hour
gamma irradiation of the cadmium sulfide cells

(3) Performance of postirradiation measurements at room ambient on component
parts in the 100 C, high-flux capsule (Test Group 1V)

(4) Performance of initial or preirradiation measurements on component parts
in Test Groups I, II, and V.

TECHNICAL DETAILS

Project effort during this report interim was directed toward the performance of
postirradiation measurements at room ambient on component parts in the 100-hour,
high-flux capsule, and the performance of initial measurements at room ambient on
component parts in the two control test chambers, i.e,, Test Groups I and II, and the
two 10, 000-hour low-flux capsules, i.e., Test Groups IIIl and V. In addition, the
dosimetry analysis of the radiation exposure and a preliminary analysis of the test

BATTELLE MEMORIAL INSTITUTE




2
results were complete for the 100-hour, high-flux irradiation of the component parts in
Test Group IV, The results from the 1000-hour gamma irradiation of the Type CL605

cadmium sulfide cells were also analyzed during this interval,

This section presents various details concerning these activities and the progress
that has been made.

100 C, High-Flux Capsule, Test Group IV

A preliminary analysis of the test results and the dosimetry analysis of the radia-
tion exposure were completed for the 100-hour, high-flux capsule, which was irradiated
during the latter part of the previous report interim., DPostirradiation measurements at
room ambient have been completed with the exception of measurements on the five ca-
pacitor types, the 2N2297 transistors, and four diode types (FD1184, 1N2063, 1N822,
and PS4653).

Preliminary Analysis

The results from the preliminary analysis of the data obtained from the irradiation
of component parts in the lOO—Eour, high-flux capsule are shown in Table 1. The infor-
mation presented includes the minimum and maximum values of the various parameters
measured on each part type for each of three measurement intervals, i.e., 25 C pre-
irradiation, 100 C preirradiation, and 100 C postirradiation.

Exposure to a combined environment of elevated temperature (100° C), vacuum
(10-5 torr or less), and nuclear radiation (3 x 107 n cm? sec”! and 1 x IOVi ergs g'l(C)
hr-1) for 100 hours had little or no effect on the component parts other than the semi-
conductor devices.” In actuality, the insulation resistance measurements showed im-
provement, which may be attributed to the removal or reduction of surface leakage
possibly due to the combined effects of elevated temperature and vacuum, The only
definite indication of degradation for parts other than the semiconductor devices was an
increase in the leakage current of one Aerovox P323ZN capacitor, which increased from
0.2184 microampere for the 100 C preirradiation measurement to 28. 0 microamperes
for the 100 C postirradiation measurement, In general, the leakage current of all ca-
pacitor types showed an increase between the 25 C and 100 C preirradiation measure-
ments and a decrease between the 100 C pre- and postirradiation measurements.

Resistance measurements on the three resistor types indicate a slight decrease
with temperature but little or no change from the radiation exposure.

Data from the measurements of the voltage-to-close for the Sigma 32RJD90GD in-
dicate a slight increase with temperature and after the exposure to radiation.

The radiation exposure had a somewhat pronounced effect on all of the semicon-
ductor diodes as shown in Table 1. Results on the FD 1184 diodes indicate that one unit
is open or approaching an open-circuit condition, 10 units show a marked decrease in
forward voltage drop (V) while others show an increase, and all 20 units increased in
reverse leakage current,
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Results from the radiation exposure of the FD 643 diodes show a marked increase
in forward voltage drop for five units and a pronounced decrease in two others, Thirteen
units displayed little or no change in forward voltage drop. The reverse leakage current
of the FD 643 diodes in general increased by approximately one order of magnitude, with
three units increasing by two or more, Two of the latter had reverse leakage currents
of 58 microamperes,

Radiation exposure produced a marked increase in the reverse leakage current of
eight of the Texas Instruments Type 1N916 diodes, while three others showed a decrease
and nine increased slightly, The forward voltage drop on two units decreased by less
than 0.1 volt, while the others increased by approximately 0, 3 volt.

Measurements on the International Rectifier Type 1N2063 are limited to the re-
verse leakage current which increased three to ten times for three of the five units and
decreased slightly for the other two when subjected to the radiation exposure.

Results on the Hoffman 1N822 reference diodes show pronounced increases in
Zener impedance following exposure to radiation but only minor changes in reference
voltage. In addition, measurements on one unit indicate an open circuit.

Data on the PS4653 reference diode manufactured by Pacific Semiconductors indi-
cate little change in parameter values with the exception of Zener impedance at 1.0
mAdc and 0.1 mAac which approximately doubled with exposure to radiation.

Results on the General Electric 3N58 controlled switch indicate that only four of
the 20 units tested are operating after exposure to the radiation environment. Of the re-
maining units, two would not fire and 14 were in a fired or conducting condition at all
times,

Data presented in Table 1 on the transistor results show a definite degradation in
the electrical characteristics of the nine transistor types included in this program.
However, there is some question as to the validity or accuracy of the hyg and Igpp re-
sults. The hpy measurements indicate the possibility of the transistors oscillating in
spite of measures that were taken to prevent this earlier in the program when three
small (0. 001 uf) capacitors were connected between each combination of the three tran-
sistor leads on each transistor (with the exception of the 2N1050 which has 100-ohm re-
sistors in series with the base lead). A possible malfunction in the instrumentation was
also considered, but further investigation indicated that it was functioning properly.

The possibility of the Icgp results being erroneous was also investigated when it
was discovered that pickup on the emitter leads was causing high readings. This prob-
lem was corrected or eliminated by providing an a-c ground for the emitter through a
5.0-pf capacitor during Icrgp measurements. The I~pq results on transistors in the
100-hour, high-flux capsule will be checked and further evaluated by comparing them
with similar measurements obtained during the present measuring interval, with the
a-c ground connected.

Neutron and Gamma Exposures

The integrated fast neutron flux during the irradiation of the 100-hour, high-flux
capsule was measured with nickel dosimeter wires attached to the test assembly at five
positions, one at the center and four at 90-degree intervals on the periphery of the test
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assembly, After the termination of the irradiation, the nickel wires were removed and
analyzed to determine the integrated fast neutron threshold fluxes. These threshold
values were converted to total fast neutron fluxes (above 0.1 Mev) by the relation of
nickel threshold flux to total fast neutron flux, established by the fast neutron spectrum
data obtained during the mock-up dosimetry. The fast neutron flux above 0.1 Mev was
determined from those mock-up data as the total neutron flux monitored by the Pu239

{n, f) reaction corrected for the activation contribution of resonance neutrons, This cor-
rection is explained in the Nuclear Dosimetry section of the report of May 15, 1963
(Supplement to the First Quarterly Report),

The gamma doses received by the specimens were calculated from the dose-rate
measurements made in the high-flux nuclear mock-up and the irradiation time of
100 hours,

Resonance neutron exposures for the specimens were obtained in terms of the
spectral function parameter ¢,, and the irradiation time T, by multiplying the total fast
neutron fluxes by the ratios of ¢, to total fast neutron flux obtained from the mock-up
measurements., The time-integrated resonance neutron fluxes for a given energy inter-
val between 0.4 ev and 0.1 Mev can be found from values of §,T listed in Table 2 and
integration of the following integral:

dE
¢ T =

Radiation exposures for the individual specimen types are listed in Table 2, These
values of the neutron and gamma exposures are averages determined from various
dosimeter positions chosen in accordance with the location of each specimen type in the
test assembly. The neutron exposures are presented in three groups:

Group I is the time-integrated total fast neutron flux (above 0.1 Mev).

Group II is the time-integrated flux above the nickel threshold (above 2,5 Mev).
The differences between Groups I and 1II yield the specimen exposures in the
0.1 to 2.5 Mev energy range,

Group IIl is the product of the resonance spectral function parameter and the
irradiation time (¢, T) to be used for computing resonance neutron fluxes. The
resonance neutron energy region extends from approximately 0.4 ev to 0.1 Mev,

The fission plate power was monitored continuously during the 100 hours of irradi-
ation by means of a fission chamber and a strip chart recorder which followed the output
current of the chamber, The maximum variation of the fission plate power throughout
the irradiation period was 5 per cent.

The gamma dose rates were measured in the nuclear mock-up before and after the
specimen irradiation. A 4 per cent decrease in the dose rate occurred during the irra-
diation because of decay of the spent fuel elements. The gamma dose values listed in
Table 2 result from the average dose rates during the 100-hour experiment,

The radiation exposures are higher than anticipated. This is probably due to a
slight error in the positioning of the test facility which placed the upper portion of the
test region closer to the fission plate than the position of the mock-up. This resulted
in a neutron flux in the upper portion that was higher than expected, and raised the
volume average above the desired value,
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TABLE 2, RADIATION EXPOSURES FOR INDIVIDUAL SPECIMEN TYPES

Group 1 Group 1I Group III Gamma Dose,
Specimen Type 1013‘n-¢:m'2 1012n-cm"2 1011n~cm'2 109 ergs g‘l(C)

Good-All 683G capacitors 1.03 3.75 1,40 0.98
Aerovox P3232N capacitors 1.64 5. 96 1.50 0.75
General Electric capacitors 1,51 5.49 1,54 1. 06
Fansteel HP capacitors 1,11 4,04 1.36 1.09
Sprague 118P capacitors 1.77 6.44 1.62 0. 84
I1N916 diodes 1,58 5,74 1,87 1.52
1N2063 rectifiers 1.76 6.40 1.83 1.30
PS4653 diodes 1,15 4,18 1.53 1,24
FD643 diodes 1.41 5.13 1.74 1.23
FD1184 diodes 1,47 5.34 1,77 1,57
1N822 diodes 2.52 9.16 2.13 0. 96
3N58 silicon controlled 1.85 6.73 1.75 1,32

switches
2N1132 transistors 1.27 4,62 1.55 1.09
2N2412 transistors 1,31 4,76 1.57 1,42
2N861 transistors 2.40 8.73 2.01 0.85
2N9l11 transistors 1.33 4,84 1.63 1.15
2N915 transistors 1.38 5,02 1,66 1,50
2N930 transistors 2,47 8.98 2,08 0. 89
2N1050 transistors 1.38 5.02 1,69 1.19
2N2297 transistors 1,43 5,20 1,72 1.56
2N914 transistors 2.51 9.13 2.11 0.93
Allen-Bradley CB resistors 1.46 5.31 1.80 1,23
Corning Glass C-07

resistors 1.54 5.60 1,85 1.62
Texas Instruments CG

resistors 2.64 9.60 2.22 0. 87
Sigma 32RJD90GD relays 2,02 7.34 1.98 1.21
IHMI switches 1.24 4,51 1.62 1.51
SP-13 transformers 2.09 7.60 2.10 1.25
Bendix connectors 1.18 4,29 1.58 1.11
Cinch connectors 2.48 9,02 2.08 0.82
New England Instruments 1.80 6.54 1,78 1,30

78P potentiometers

BATTELLE

MEMORI AL

INSTITUTE

L o e e e e



|

11

The gamma doses received by the specimens are high because the fuel elements
were so positioned as to yield the desired average dose rate over a greater volume of
the test facility than was finally occupied by the specimens. The specimens were located
through a region of peak gamma dose rates,

Instrumentation

The instrumentation capability for measuring leakage current and insulation re-
sistance was improved by approximately one order of magnitude with a modification in
the circuit design. This modification has reduced the stray leakage within the instru-
mentation and its connecting cables to 0, 0001 microampere at 40 volts and to 0. 0005
microampere at 200 volts, Measurements that include the leakage current of wire pairs
between the instrumentation room and the barrier strip terminations near the pool, how-
ever, indicate an over-all current of approximately 0, 007 microampere at 200 volts. A
side result of the effort to improve the accuracy of measurements was the discovery of
interaction between electronic parts mounted in different environmental units, through
the loading circuits. The cause of this interaction was isolated to the 10, 000-hour,

100 C low-flux capsule (Group III) and the environmental chamber for the control speci-
mens under vacuum conditions (Group II).

Investigation as to the reasons for the interaction in the environmental chamber for
the control specimens under vacuum conditions (Group II) resulted in the discovery of a
number of electrical grounds which had occurred due to vibration from the forepump of
the vacuum system. The major effect of this vibration was the grounding of the transistor
cases, and therefore the collector terminals, to the aluminum plates on which they are
mounted. These grounds have been eliminated and the forepumps are being vibration
isolated in all four vacuwmn systems to prevent the reoccurrence of this problem in the
future,

The interaction in the 10, 000-hour, 100 C, low-flux capsule (Group III) was thought
to be due to the same problem. However, when the capsule assembly was removed from
the shielding pool and dismantled, a water leak was discovered on the atmosphere side of
the vacuum plate containing the electrical feedthroughs for the lead wires to the test
specimens, The water and associated corrosion caused electrical shorts and grounds
and produced effects similar to those which occurred in the environmental chamber for
the control specimens under vacuum conditions (Group II). The leak, which occurred at
the O-ring seal, has been corrected, and the connectors and electrical feedthroughs
have been cleaned to where electrical measurements indicate they are satisfactory as to
insulating properties and low-resistance contacts.,

Measurement Status of Test Groups I, II, and V

Initial measurements at room ambient temperature have been completed on Test
Groups I, II, and V with the exception of measurements on the five capacitor types, the
2N2297 transistors, and four diode types (FD1184, 1N2063, 1N822, and PS4653). These
measurements and initial measurements at each group's test ambient will be completed
during the next report interim,
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Measurement Status of Test Group I1II

Parameter measurements on the component parts in Test Group III (100 C,
10, 000-hour low-flux capsule) have been delayed due to the time required to remove the
capsule assembly from the shielding pool and to correct the water leak and the damage it
caused to the connectors and electrical feedthroughs. However, it is expected that the
initial measurements at both room ambient and test ambient will be completed during
the next report period.

Cadmium Sulfide Cells

Twenty Type CL605 cadmium sulfide cells manufactured by Clairex were irradi-
ated in the cobalt-60 gamma source. The exposure rate was 1.04 = 0,008 x 106 ergs
g'1 (C) hr-l. This is a factor of 100 greater than expected from a nuclear auxiliary
power system.

The cadmium sulfide cells were mounted in two horizontal straight rows of 10 each
in a watertight, lighttight container. The container was equipped with a constant light
source consisting of a Type Q500T3/CL-120V Quartzline lamp manufactured by General
Electric, The lamp was mounted in a horizontal position, above and parallel to the two
rows of test specimens, with lead shielding to protect it from the radiation. The inten-
sity of the light source was approximately 400 foot-candles,

Results from the 1000-hour gamma irradiation of the CL605 cadmium sulfide cells
are shown in Figures 1 through 5, The curves are plotted without consideration of the
four measurement periods from 100 to 400 hours, inclusive, The decrease in the mea-
surements at these intervals is believed to be due to degradation in the cell used to
monitor the light source or in some unknown degradation of the source, This is indi-
cated by the parameter values shown at 500 hours and thereafter which were measured
after the original Type Q500T3/CL-120V Quartzline lamp was replaced following the
400-hour measurements,

The cell voltage distributions as a function of radiation exposure shown in
Figures 1 and 2 indicate a slight but general decrease in this parameter with length of
exposure, Similar graphs of the cell resistance, Figures 3 and 4, show a somewhat
pronounced degradation in cell resistance under dim illumination, with a decrease of
approximately 50 per cent between the initial and 500-hour measurements. However,
the CL605 cadmium sulfide cells were still highly sensitive to light, as shown in
Figure 5 which indicates that bright illumination decreases the cell resistance to less
than 10 per cent of the value measured with dim illumination.

CLH/DJH/ENW:eh

BATTELLE MEMORIAL INSTITUTE




NOILVNINOTTI NIA
HLIM TYNSOdXE NOILVIAVYE 0 NOILONAJ V SV IDVITOA TTHID JO NOLLAIIYLSIA T H¥NDIA

62¢€l¥-V
sinoy ‘ainsodx3 uoliDIpPDY

000I 006 008 00L 009 00S oov 00¢ 002 00l 0 089 w
-
2
7 ? :
X X : r
v.A \../ +8°9 o
S :

A .

889
A H o ;
| X——X BRSS < v
- x7 ||+ /r /// a :

— (4]
N e W :
— _ 969 m-

WNWHUIW O =t @ u
-
juadd iad o1 X 00 L W
UbipsNy @ F
-
juas 1ados 0O <
WNWIXDW 7 vOo' L .

80°L




N

(STTANVD-100J 00¥ MAH,HJQEHNOM&&;E‘ZOHH<ZH§DAAH
LHOTYE HIIM TINSOdXT NOILVIAVYE J0 NOILONNJ V SV ADVITOA TTIIED A0 NOILAEINLSIA "Z H¥NDII

oOSELY -V
sinoy‘ainsodx3] uUOI}DIPDY ,
000l 006 008 004 009 00S 00t 00¢ 002 00l 0 NP m
2
-
n_u -
_ S°¢G )
X F4
WNWILIN O ] -
juad 13d Q1 X % n_u :
x pe 9°'g -4 "
o
UDIPSN @ + + ® < |
<« juaos iad o6 O - x
— e S o
WNWIXDW V ¢s 2 5
X a w
[fo}
h & o =
||IW_ —— 7 — o
Xr ) / \\ N Y ik n 4
Tl#\ AN /WA\ \7 ~X y
- / l o N I‘xm.m W
/ r
Mu N T A -
\V oo g q
’¢ @
1 ¥os
19




sinoy ‘ainsodx] uolidipoy
1SS Lb-Y

NOILVNINATTI WIQ
HIIM TYNSOdXHT NOILLVIAVY JO NOILONNJ V SV AONV.ISISHY TTAD JO NOILAIIY.LSIA “¢ TUNDII

000l 006 008 004 009 00s OOV ooe 00¢ 00l

g I

P NSES G “

1 1 1YL ~
s ~ =

15

wnwiw 0

juad J4ad 01 X

UDipanN @

juad 18d 06 O

WNWIXDW V

08

091

ote

oce

oot

o8t

096

SWyYo Ol ‘99uDysISaY (18D

MEMORIAL INSTITUTE

BATTEULLE

>




BEE ONN JHN OGNS NS PES FEN JED NG SEF SUU D JEN N D N NN N S SEs Ew e
L d

(SETANVD-L1O0J 00¥ ATILVINIXOYddV) NOILVNINATTI LHOITEd
HIIM TYNSOdXE NOILVIAVY A0 NOILLONAJ V SV ADONVLISISHY TTHD JO NOLLAFIYLSIA ¥ J¥NDIA

2EELY -V sinoy ‘ainsodx3 uoljpippy
000l 006 o008 (0] o) 009 00§ (0]0) 4 (o]0} 002 00l 0 w
9'2 -
]
[
-
v'e ")
m z
8 1 &5 | %
2y 9 J
= <
- u - T3 : :
° e X g W @
— o] v
— /J\w\_ — = n_uo.m Py .
_ _ ] /V_A - X w w
Nz t..° i
~ e =
vl w— — wamm 5
// (2] W
— 4
TT— (o]
T 4
WNWILIN O T — 99 3 w
(7]
T
jusdsiad oI X -
< .
UDIP3IN @ @
juad i18dos O vl
WNWIXOW V
1 i L | 2'8




HYNSOdXT NOILVIAVY JO0 NOILDNNJA

V SV NOLLVNINNTTI WIQd ANV ILHODIYI HLIM ADNV.LSISHY TTHD NI IDNVHD

INID ¥93d ANV (A¥/9y) aoNVISISHEY TTAD 0 OLLVY FHI JO NOILAEIYISIa ‘S ddNOIA
£EELY ¥ sinoy ‘ainsodx3 uoljoipoy
000l 006 0]0}:] 00L 00s 0o0¢ oot 00¢ 002 00l 0
0 - 001
- WMo.N .86
" —
A1 \\\\\
/I“ b 4 / e s e ov L a6
b ~ X X 1 s

< AN > 09 |ve

~ N \ﬁ. \ X

AN 1z
|_.\ / X
=X < \\.\ os |fze
1

e c
wnuwiulin O 0’0l FOS6

ao 43d 01 X f Y
UDIPaN @ ozl |s8s

juad uad 06 O
WNWIXOW

ovi ﬁww

€

Juado 4ad‘*abupy) douDysSISAY

MEMORIAL INSTITUTE

BATTELLE




